Experimental sintering studies on undoped and CaO-doped MgO powder compacts in static air and flowing water vapor atmospheres were performed in the temperature range between 1230°C and 1600°C. Corresponding microstructural changes of specimens during sintering were examined by scanning electron microscopy. Kinetic and microstructural data were analyzed to determine sintering mechanisms during the initial and intermediate stages of sintering.
The mass transport path causing shrinkage in all instances is movement of material from the grain boundaries forming at grain-grain contacts to the adjoining solid/vapor/solid regions (step 1) and then to the adjoining free surfaces (step 2). ( 2 • 3 ) A further differentiation of the sintering process can be based on whether step 1 or 2 is the slow step. When step 1 is the slow step, essentially no neck forms and the dihedral angle increases continuously during the sintering process until theoretical density or the equilibrium dihedral angle is reached. When step 2 is the slow step, a neck is present whose dihedral angle is continuously and dynamically maintained at the equilibrium value as sintering proceeds. In most systems a neck forms immediately with essentially no shrinkage and has been referred to as the initial stage; in this model, it is referred to as the preliminary stage. An additional complexity is introduced by the observation that rearrangement of particles Only undoped MgO compacts were sintered in this atmosphere. All the sintering runs in the flowing water vapor atmosphere had the same heating and cooling cycles as in the static air atmosphere. The flowing water vapor was introduced right. after the specimens were raised to the hottest zone of the furnace and cut-off at the end of the isothermal period.
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c. Examination of Specimens
The sintered bulk density was determined for each specimen by the ASTM mercury displacement method. The values used for the data analysis for each annealing condition was the averaged density of all specimens subjected to that condition, generally 3 pieces. The total porosity was then calculated on the basis of a theoretical density for MgO -.
of 3. 58 .. A specimen heated for 303 min, with a porosity of 0.14, was in the intermediate stage and had the microstructure shown in Fig. 2b . After 1110 min the specimen had a porosity of 0.09 and was in the final stage of sintering (Fig. 2c) ; the "as annealed" surface of this specimen is shown in Fig. 2d . It is of interest to note that in the final stage of sintering when closed pores are still revealed on a fractured surface, the "as annealed" surface shows no pores. pointed out by the arrows, under conditions when the rate controlling ,step is movement of material from the neck regions to the free surfaces.
In flowing water vapor, necks did not form as readily due to rapid removal of any developing reverse curvature in the free surfaces and the dihedral angles were thus smaller, as seen in Fig. 3b, representing conditions when the rate controlling step is movement of material along the grain boundary to the neck areas.
Appropriate sintering eq~ations have to be applied to the data for each of the sintering stages. Also, the equation has to take into account the different mass transport controlling mechanism that may exist under a particular experimental condition. -12-In static air atmosphere, for undoped MgO compacts at a given temperature, porosity is linearly proportional to time and the densifi~ cation rate remains constant up to the critical relative density of about 75% and decreases with increasing time above the critical density (Fig. 4) .
B. Densification Results
The CaO-doped MgO compacts .behave in a similar manner with a critical relative density of about 80% (Fig. 6) . In flowing water vapor atmosphere, the undoped MgO compacts show no constant densification rate periods with increasing time for all temperatures (Fig. 5) . A comparison of the curves for 1330°C, for example, indicates that the undoped MgO in static air sinters the slowest and in flowing water vapor, the fastest.
Undoped MgO in Static Air Atmosphere
Porosity is proportional to time down to the critical porosity of 25% as seen in Fig. 4 . These data suggest that the controlling step for densification in this initial stage is movement of material from
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where A 1 is a porportionality constant, P is the porosity, t. is the (1) sintering time, DB is the bulk diffusion coefficient, Q is the atomic (molecular) volume, Ysv is the specific surface free energy at the solidvapor interface, T is the absolute temperature, k is Boltzmann's constant, P and t are the initial porosity and time on reaching the test temperaa o ture T, and N is the number of interconnected voids per unit volume which remains constant during this stage. N is inversely proportional to G, grain size, which determines the number of grains per unit volume for a given packing.
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The decrease in densification rates (Fig. 4) Sintering rate coefficients K 1 , were determined according to Eq. (1) from the slopes of the linear portions of the curves in Fig. 4 The apparent activation energy for the intermediate stage, as seen from the data in Fig. 7 , has a low value of opposite sign. This result is considered to be due to two processes taking place concurrently: -14-grain growth or reduction of voids and densification. There were insufficient data to evaluate the contribution of each of the processes.
Undoped MgO in Flowing Water Vapor Atmosphere
When grain boundary diffusion is the controlling mechanism during the initial stage of sintering, dynamic dihedral angles e:x:ist at triple lines which increase in size with sintering, and the following kinetic equation applies:( 3 )
where A 3 is a proportionality constant, Dgb is the grain boundary diffusion coefficient and w is grain boundary width. The factor 0.3 is the result of an assumption of 140° as the equilibrium dihedral angle. mm.
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